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A
The findings in this report are not to be construed as 

a
an official Department of the Army position unless so
desi gnated by other authorized documents.

Destroy this report when it is no longer needed. Do
not return it to the originator.

This project has been accomplished as part of the U.S.
Army Manufacturing and Technology Program, which has as
its objectives the timely establishment of manufact uring
processes of current or future defense programs.
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~~Improvemen ts were made to reduce manufacturing costs and
improve reliability . These included:

a. Sa pphire window assembly seal redesigned to
reduce h i gh stress leve ls .

b. Seif-f ixtu ri ng for brazing wherever possib le.

c. Porosi ty problems m inimized.

d. Body diameter smaller in size to reduce lamp and
• fix turing costs.

e. Method of a t tach ing cathode improved to minimize
the  n u m b e r  of parts required and to reduce the number
of braze cycles necessary to complete the assembly.

f .  Stinger mechanism redesigned to improve relia bility .
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_ _ _ _ABSTRACT

A program Is in progress to es tab l i sh  a production cap ability

S for the purpose of meeting estimated military needs for the

4 
X6335 , a 1kW sealed beam xenon arc lamp w i th  a low vo l tag e

starting mechanism.

In  a c c o r d a n c e  with the requirements of the contract , the

third engineering sample is still undergoing fabri cation to

meet spec ifications.
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1.0 PURPOSE

The ob jective of this program is to establish a
product ion capab i l ity for the purpose of meeting
estimated military needs for a period of two (2)
years after com p let i on of the con t rac t , and to
es tab l i sh  plans which may be used to meet

C expanded requirements.

The pro g ram i s i n tended to demons tra te an d to “prove-
ou t” the manufacturing , processes, me thods and

- techniques that are utilized in the production of
1kW sea led beam xenon arc lamps with a low voltage
starting mechanism.

T h e lamp i n iti all y c h osen for the p rogram was the
X6257. This lamps was developed for military search-
li ght applications. The high voltage version of this

lam p was develo ped i n iti all y un der Con trac t Num ber
DA 40 2-68 - C - 02 l5 .  The 1 kW lam p was fur th er re fi ned
on a PEM Con tract Number DAABO5-7 1-C-2609. The low
vol tage starting X6257 was not developed with govern-
men t fun d s , bu t was developed with Varian funds.

This contract is divided into three phases:
1. En gi neer i n g S a m p l e s , where i n mo di f i ca ti ons are

being made to designs arrived at under previous
develo pment in order to improve their optical
per formance , safety and utility in the field
and to reduce their cost. Production drawings,

• procedures , and tool ing will also be developed.
These parameters will be based on delivery of

$ three (3) sam ples.
2. Conf i rmatory Samples , where i n the del i ver y of three

C, 
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(3) un its will be made to demonstrate that lamps
can be made with production techniques andA procedures to meet the specification.

3. Pilot run , where in the delivery of thirty (30)
units w ill be made to demonstrate the capability

• of mee ting the planned production rate.

The engineering sample phase is needed to incorporate
features which will make the lamp start more reliably,
be easier  to fabr icate , be safer to operate , have a
highly accurate mounting s urface for opt ica l reference
and affor d cost reduction.

Durin g this quar ter the 3rd En gi neer i ng Sam p le underwent
improvements to enhan ce starting reliability of the lamp
and to reduce highly stressed seal areas. Assembly was
simplified by the design of self fixturing braze
assembl ies  wherever  poss ib le .

-2
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2.0 GLOSSARY

LVS Low voltag e starting.

- • Stinger Moveable electrode used
for lamp i gnition .

Mandrel A sta inless steel tool
wh ich is polished to a
m i r r o r e d  s u r f a c e  w i t h  a
spec ia l  e l l ip t ica l
:ontour upon wh i ch the
reflec tor is electroformed.

El (charac teristic) The voltage CE) across the
lam p for a gi ven current
(I) passing through the
lam p.

L
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3 . 0  N A R R A T I V E  AND DATA

The lam p i s compr i sed o f conven ti onal tun g sten .3
electrodes posi tioned in a ceramic/metal stru cture
w ith a reflector and sapphire window. The arc is
loca ted a t th e focal  p o i n t o f the ref lec tor so
that a directed beam is obtained coaxial with the
elec trodes. The low voltage starting mechanism

includes a moveable electrode called the “ s t in ger ”
w hich is coaxial with the anode. (Figure 1).

I
The lamp is filled with up to 20 atmospheres of
high purity xenon at room temperature. The lamp ’ s
spectral output is a typical high pressure xenon
a rc s p ec t rum as re flec ted from a s il ver m i rror an d
transmitted through a sapphire window; the wave-
length range is about l30nm to 6500nni . The silver
re flec tor coa ti n g was se lec ted for max i mum ou tp u t
in the visible and near IR bands.

The lamp operating voltage is 19.5 LC. +.5v. The
lamp voltage is determined primarily by the inter -
elec tro de ga p and th e lam p pressure .  T h e lam p ac ts $
muc h l ik e a cons tan t vo l ta g e dev i ce , that is, larqe
chan ges i n curren t resul t i n smal l  c h an ges i n
operating voltage. Ignition is accomplished by use
of the stinger. To commence the start cycle, the
soleno id volta ge is applied causing the stinger to
move forwar d. The moment the stinger contacts the
cathode tip, the electrical circuit is completed and

• current be gins to flow through the choke. After
ap proximately .4 seconds , the so leno i d vol ta ge i s
removed and the s ti nger s tar ts to return to it s
deenergized position , thus breaking the circuit.

-4-  -.
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At th is time, the stored energy in the choke is

- - 
S 

dumped into the arc . The stinger then draws this

arc back and transfers the arc to the anode.
The lam p body underwent design modification to
improve reliability and reduce manufacturing
cos ts. During the time frame given for this
ex tended q uar terl y repor t, the following items
rece ived attention:
a. Stinger reliability .
b. Thermal stress in window seal assembly.

• c. Self f ix tur ing for brazing.
d.  Reduc tion in complexity of parts.
e. El imination of micro-pores in window and heatsink

assem b l y .
f. Body seal material selection evaluated to reduce

h igh stress.
g. Cool ing for anode base.
h. Blow-out plug performance testing in a lamp.

(Figure 2).
1 . Material selection in cathode cooling path.

-6-
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3 .1  D E S I G N  AND A N A L Y S I S

The MMTE Lamp conf igurat ion is shown in Figure 3 and
Figure 5. This lamp encompasses modifications as
ment ioned under paragraph 3.0. The reasons for the
recent mod ifications are as listed below.
1. The window moun t design was a highly stressed knife

edge seal. The seal expansion mismatch was severe
at copper braze temperatures. This mismatch seemed
to increase the number of leakers. The problem
of ex pansion mismatch was solved by pre -braz ing
the front window at a lower braze temperature and

- closely matching the expansion rates of joining
mem bers.

2. The main bod y ceramic to metal seals also caused
Iproblems with leaks especially during lamp bakeout.

Th is problem was also attributed to expan sion mismatches.
Again , ex pansion rates of the adjoining materials were
closel y matched to alleviate this problem .

3. Porosity (micro-pipe s) in the window and anode
S 

assembly presented problems in trying to attain a leak
ti ght lam p .
This porosity problem was minimized by using parts
ma de w i th drawn and punc hed secti ons hav i ng poros ity
i n a d i rec ti on perpen di cular to the lam p s cen terl i ne
(Figure 1).

4. Upon braze cool down the window sealing ring caused
h igh stress at the joint in ter face.  A new sealing
ring is approximately 20% longer to adequately
accomodate therma l expansion mismatch and thereby
reduce excess ive stress at the joining interface.
(Fi gure 3).

5. The anode heatsink was operating at temperatures in
excess of 2000C. The new design bolt-on heats inks
made totally of copper effectively remove heat

-8-
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(Figure 1). The screw size to retain the heatsink
- - 

...1 
- has Increased from 8-32 UNC to 10-32 LJNF in

order to increase the clamp ing load to aid heat
removal.

6. The copper expansion pads on the cathode support
rin gs were difficult to assemble in place. The new
des ign has a cathode strut expansion joint integral
wi th the reflector mounting assembly which reduce the
number of par ts required and decreases assembly time
(Fi gure 4).

7. The heatsink base was d ifficult and costly to machine
and the material was te was extensive due to large cavity
recess required for the reflector. The cavity recess
is now formed by brazing a Kovar cup to the anode heat
sinks (Figure 4). This improvement should reduce
manufac turing costs.

8. The lamp electrode gap spacing was previously set at
.085/.090. At the 1kw power level this setting
resulted in El charac teristics falling outside
spec ifications after a few hundred hours running
t ime. The new ga p s pac i ng i s based on the 62 57 lam p
des ign to enable future lamps to fall into MMTE

— specif ications.
9. The blow-out plug parts and assembly costs were

reduced by minimizing the total number of parts required.
Gold German ium preforms are on order for the confirmatory
project stage.

10. The stinger mechanism was slightly modified to
S incorporate the following features.

a. A lar ger hole was drilled thru the Insulating

• ceram ic surrounding the stinger. This improvement
should reduce outgassing time required during
lam p processing.

b. The stinger mechanism was evaluated for function.

- - The outcome of this evaluation resulted in opening
stinger bearing clearances to avoid binding.

c. In order to reduce the solenoid voltage that
operates the stinger , it was necessar y to incorporate

11—
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the stinger armature used for the 6257 lamp.
This resulted in lowering the activation voltage
from 18 volts to 16 volts.

3.2 FABRICATION

Parts preparation for the confirmatory stage has progressed

S 
very well during this time period. Most parts are
available for complet ion of the MMTE contract confirmatory
phase. Parts still outstand ing include: 

S

a. Electroformed reflectors.
b. Blow-ou t plug preforms.
c. Add itional tooling requir ed (approximately 80% complete ).

3.2.1 TOOLING FOR BRAZING

Braze assembl y tooling ’ for the confirmatory phase also
progressed very well. Among the tooling completed for
braz ing the next three engineering samples include:
a. Tool ing for front window keepers to align sealing ring

an d front mounting flange concentric with sapphire
window.

b. The cathode to strut alignment toolin g.

c. Reflector sup port ring tooling for locatin g the

cathode strut assembl y concentric to reflector locating

flange (Figure 1).
d. The main body assembly tooling for locating the body

in Figures 1 and 4 concentr ic to the main body ceramic ,

seal ing rings and the anode base heatsink.
e. Tooling for the cathode and anode cool ing fin assembly.

• Cu f. The stinger mechanism alignment toolin g.
-

~~i 1 g. Tooling to properly hold the blow-out plug during
braz ing.

h. Necessary braze keepers to limit expansion growth o~
’

bra ze members.
-13-
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All remainin g parts requiring brazing are designed for
self jigging.

a
3.2.2 TOOLING FOR PARTS MANUFACTURE

Tool ing required to Hydro form press the drawn anode cup
in Figure 1 is complete. In addition tooling is complete
for :
a. Body and window seals were fabricated from drawn

kovar cups and mach ined to length.
b . Spr i ng mandrels for forming s t in ger spr ings for

confirmator y phase.
Tool i ng s ti ll ou ts tanding include:
a. Window ring flanges will be punched out from flat

stock and mach ined to size.
b. Tooling to aid the final Heli-arc body seal.

3 . 3 TESTING
I

The testing performed on the MMrE lamp during t h i s
period is as follows:

H a. The b low-out  plug was inserted into a l amp to record
rel iability in depressurizing the lamp. The lamp
was operated at the 1kw level for 15 minutes before
shu tting off the fan. After approximately two
minutes of opera tion , the blow-out plug safel y 1

depressur ized the lamp. (Figure 2).
b. The main body seals were thermally cycled to determine

if a leak would develo p. The results of the tests
showed a leak tight joint is obtainable with the 3

‘- 1 presen t design configuration.

-14-
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c. Voltage and current tests were performed to

actual operating conditions. Previous engineer ing

samples tested revealed voltage readin gs of 21 to 22

volts at the 51 am perage level. The present

engineering sam ples tested generated a much flatter

curve at the 51 amp level. This is attributed to the
gap spacin g changed from .085 inches to .065 .inches

.090
whic h closely matches the 6257 lamp presently used for

searchlight appl ications.
d. The st inger mechani sm was tested to determine optimum

voltage l~ vels requ ired to reliably operate the stinger.
Th is range was 15 to 16 volts which is still within the
18 vol ts maximum specification.

e. The 3rd eng ineering sample for this period was tested
and was unable to fully meet MMTE contract specifica-
tions for PBC and El characteristics. The lamp
develo ped a leak at the stinger ceramic to metal
seal which par tially accounted for the low photo-
metric lamp output.
An extensive study effort was undertaken to preven t
a reoccurence of thi s problem. This seal was found
to require additional flexability in order to reduce
excess ive stress. A quick solution to this problem
is obtainable and will be rapidly incorporated -into
the overdue 3rd engineering sample.

3.4  CONCLUSION

-. 
.~~~ Lamp parts were fabricated and subassemb lies are underway

to complete the 3rd engineering sample phase. Additional
parts are ava ilabl e to start confirmatory stage assembly.
Tool ing Is being verif ied for function by the 3rd
eng ineering sample. Addi tional sets of tooling for the
conf irmatory and pilot prod uction run will be available

-15-
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shortl y. Photometric performan ce to meet MMTE specification
was not achieved with the prev ious 3rd engineering sample

as noted above.

4.0 PROGRAM FOR NEXT INTERVAL

1. Deliver the 3rd engin eering sample and test report. I
2. Start fabrication for the confirmatory sample phase. 

S

5 .0  P U B L I C A T I O N S  A N D  R E P O R T S

a
- None

6 . 0  I D E N T I F I C A T I O N  OF P E R S O N N E L
a

The follow ing is a list of the key personn el who worked
on th i s con trac t dur i ng the per i od March 1 977 th rou gh
September 1977.
Roy Roberts 296.0 Hours a
Ed Chan 123.0 Hours
Gor don Liljegren 28.0 Hours
Charlie McG lew 318.5 Hours
N ick Picoulin 63.5 Hours
Wel ton Jones 158.5 Hours
N i ck Cortese 62.5 Hours (Tech n i c i an )
Svet Danich 11.5 Hours
Sco tt Flackman 3.3 Hours
Bo b Runyon 3.6 Hours
C heryl Handley 18.2 Hours (Draftperson)
Gre g Guild 2.2 Hours
Glenn Brown 1.0 Hours
Paul Wieren ga 7.0 Hours
Manpower setbacks were experienced due to departure of key
personnel (Program Manager , Ed Chan and Master Technician ,

Charl ie McGlew) which were heavily involved in the MMTE
- . pro ject from the beginning.

‘ 
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The resume for Welton (Skeets) Jones is included in
this report. Skeets is a Master Technician with EIMAC
and is devoting full time to the MMTE project.

...- The new Project Engineer for the MMTE project is Roy
Rober ts. His resume was included in the 2nd quarterly
report.

I ,

, 0

r
-17-
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1 Welton R. “Skeets ’ Jones

Joine d EIMAC February 1942 a

Bu ilt Tube processing equipment

1 943 A pp oi nted Head of Punch Press Departmen t.

1944 Added Gr i d Depar tmen t

1945 Ad ded Pla te Departmen t

1954 Appointed Head of Ceramics processing and Assembly
Ceram ic Coating/Brazing etc.

4
1955 Organized Product ion machine shop parts fabr ica t ion .

1960 Due to divisionalization — appointed to circuit and
com ponents div. - Tunin g cavities and circuitr y .

1962 Appointed Master Technician in Aero Space division
exper imental  c a v i t i e s  and tuning equipment.

1968 Transferred to Advance Pro d uc ts to process and assem b le
lunar docking l ights .

1969 Started on xenon arc lights
2kw light

• Tow l ights etc.

1 973 Completed P.E.M. Light project
Special  tubes-gr id  conf igurat ion

I
1 976- Assembled switch tube modules and modules into tube frame

~* 
.
~~ 1977

All of the above require soldering, brazing, spot weldin g
and arc welding. I

-1 8- 
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